Of note in the patient's history was treatment, including cranio-spinal irradiation, for non-Hodgkin's lymphoma at the age of nine. There was also a history of minor head trauma close to the time of presentation. A full coagulation screen was normal aside from a borderline free protein S value of 20.0 iu/dl (normal range 23.0-58.0).
Review of the previously performed imaging studies suggested the diagnosis of DAVS with thrombosis of the superior sagittal, transverse and sigmoid sinuses resulting in cerebral venous congestion evident on CT (figure 1) and confirmed angiographically as a phlebitic appearance on the venous phase images (figure 2). The cerebral venous system of the left hemisphere was less congested than the right, due to cavernous sinus drainage of the superficial middle cerebral vein, providing a collateral pathway (figure 3).
A small region of calcification (figure 4) was present in the right occipital lobe on CT and signal change was evident in the right posterior temporal, parietal and occipital regions on MRI ( figure 5 ), suggesting that some parenchymal damage had already occurred.
Further angiography demonstrated the DAVS of the right transverse sinus to be supplied principally by meningeal and transosseous branches of the right external carotid and vertebral arterial systems (figure 6). Due to the ab-
Summary

Dural arteriovenous shunts (DAVS) occur within the walls of dural venous sinuses or their tributaries. They may be related to previous episodes of sinus thrombosis. The presence of impediments to venous outflow results in venous congestion, predisposing to haemorrhage and cerebral parenchymal damage. Cerebral venous congestion is an indication for treatment.
This case is unusual in some respects; firstly, the patient was relatively well despite worrisome features on imaging and secondly the occluded dural venous sinuses appeared to spontaneously recanalize after treatment of the DAVS. Anticoagulation may have had a role in avoiding thrombosis of the patient's precarious venous drainage after embolisation and in encouraging recanalization of the thrombosed dural venous sinuses.
Clinical Presentation and Management
The 31 year-old male patient was referred to our unit with a one-year history of impaired concentration and deteriorating mental function, forcing him to cease work. He also complained of seizures and impaired coordination. Previous investigations at another institution had led to an erroneous diagnosis of cerebral arteriovenous malformation.
Spontaneous Recanalization of
Occluded Dural Venous Sinuses after Successful Trans Arterial Embolisation of a Dural Arteriovenous Shunt sence of normal outflow pathways, the posterior fossa venous system was severely congested and collaterals to spinal perimedullary veins were evident. Abnormal signal was present in the cervicomedullary junction (figures 7,8).
The features were those of a DAVS with sinus occlusion and cerebral venous reflux, resulting in parenchymal damage.
The lesion was approached through the right middle meningeal artery. Histoacryl diluted with Lipiodol (60/40) was injected with a total of 2.3 ml deposited within the region of the shunt. Immediate post-embolisation angiography demonstrated minimal residual arteriovenous shunting and a dramatic reduction of the cerebral venous congestion. No attempt was made to close the small residual shunt as it was felt to be likely to close spontaneously. This subsequently occurred (figure 9).
In view of the precarious venous outflow and the fact that the shunt was contributing a large volume to venous flow, the patient was anticoagulated, initially with heparin and subsequently warfarin.
The patient's clinical state rapidly improved after embolisation of the DAVS with apparently complete resolution of his neuropsychiatric symptoms, allowing him to return to work. He has had no further seizures.
Subsequent MRI (figure 10) and catheter angiography (figure 11) confirmed a dramatic reduction in the degree of venous congestion, and surprisingly, patency of the previously occluded left transverse sinus, sigmoid sinus and jugular veins (figure 12), previously occluded. There was no longer any evident arteriovenous shunt. 
Discussion
Dural arteriovenous shunts (DAVS) are acquired lesions in adults. While often described as low-flow lesions, they may, as in this case, cause high volumes of arteriovenous shunting. They typically present with decreased mental function, neuropsychiatric syndromes, seizures or pulsatile tinnitis, bruit or intracranial haemorrhage. Adult DAVS may develop due to local venous obstruction, often presumed to be due to thrombosis of dural venous sinuses. Although the pathogenesis of DAVS remains uncertain, it has been postulated that they represent expansion of the normally present arteriovenous communications present in the walls of dural venous sinuses in response to thrombosis and altered patterns of flow 8 .
Various grading systems have been proposed for DAVS, most focusing on the pattern of venous drainage.
The essential feature associated with development of neurological deficit or intracranial haemorrhage is retrograde flow into, and congestion of, the venous system of the brain 1-4,8 . Various authors have used different terms for this feature; retrograde leptomeningeal venous drainage 1-3 , subarachnoid venous drainage 4 and cortical venous drainage. Other features that have been correlated with aggressive behav-iour in DAVS include varices or aneurysmal venous dilations and Galenic venous drainage 3 .
In an animal model of an arteriovenous shunt draining into a dural venous sinus, ve- nous pressures did not rise significantly in the absence of restriction of venous outflow 6 . In a theoretical model, venous drainage impairment in arteriovenous malformations has been shown to be predictive of rupture and intracranial haemorrhage 7 . While these data are not directly applicable to DAVS, they support the concept of restriction to venous outflow as a determinant of the clinical course of intracranial arteriovenous shunts, rather than the presence of the shunt itself.
DAVS with spinal perimedullary venous drainage are rare and may present with unusual features including myelopathy and brainstem symptoms. Transverse sinus thrombosis may be the cause of the aberrant venous drainage of the shunt into spinal perimedullary veins 5 .
In the absence of cerebral venous reflux, DAVS usually follow a benign course, and should usually only be treated if the patient is disabled by the presenting features 1 . On the other hand, the presence of cerebral venous reflux makes cerebral damage and intracranial haemorrhage far more likely 2, 9 . The natural history of such lesions is poor. In this case, cerebral damage had already occurred, and the presence of cerebral venous congestion placed the patient at risk of intracranial haemorrhage and further cerebral damage, justifying intervention. Treatment was therefore indicated, the aim being complete obliteration of the arteriovenous shunt 2, 8 .
Endovascular techniques are the first line intervention in DAVS 5 . In general, the arterial approach is preferred, and in this case a venous approach would not have been feasible due to the occlusion of the dural sinuses either side of the zone of arteriovenous shunting. In addition, a venous approach would have precluded the subsequent recanalization and resultant preservation of the sinus. Complete closure of the DAVS was achieved by a single arterial injection of Histocryl/Lipiodol. Although there was a little residual shunting immediately after embolisation, the degree of reduction of shunting was sufficient to make complete subsequent occlusion likely and further embolisation was not felt to be warranted.
There is no consensus regarding the role of anticoagulation after embolisation for DAVS. In this case, the venous outflow was severely impeded and the patient was reliant on cere-bral venous collateral pathways. There was some penetration of embolic material into the local cortical veins at the time of embolisation. Flow through the DAVS constituted a significant fraction of total venous flow. These features made anticoagulation seem logical, partly The recanalization of the obstructed dural venous sinuses and jugular vein was fortunate and may have contributed to the excellent clinical outcome in this case.
Neither heparin or warfarin are thrombolytic agents and the recanalization may have been related to treatment of the DAVS rather than anticoagulation. 
